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INTRODUCTION 
The proper processing and storage of seeds8- to ensure 
the preservation of their vigor** and viability0 are problems 
of considerable economical importance. The ability to carry 
over seed stocks for several years would be of unquestionable 
value to both the seed producer and the merchant. Great 
savings of time and money would also result if valuable germ 
plasm could be maintained for long periods of time without 
the necessity of periodically growing fresh seeds» 
Of no less importance are the more basic problems of 
understanding the nature of the physiological role of water 
in dormant^  seeds and determining the biochemical changes 
which accompany storage under varying environmental factors. 
It was the purpose of this investigation to lay the 
groundwork for future studies of these basic problems and to 
clarify existing knowledge concerning the effects of drying 
and storage on the viability and vigor of seedu. Two main 
lines of investigation have been pursued. To determine the 
aThe term "seed" is used in this paper in reference to 
the corn caryopsis as well as to true seeds. 
T^he term "vigor" refers to the state of health of a 
living seed. 
°The term "viability" is used to refer to the presence 
of life in a seed. 
T^he term "dormant" is used in reference to a state of 
suspended growth in a living organism. 
2 
effects of rate of drying on the growth performance of imma­
ture seed corn (Zea mays), samples of seeds, or grain, were 
harvested at various moisture levels and dried under varying 
drying conditions. The effects of moisture content, tem­
perature, and oxygen pressure on the longevity of stored seed 
corn were also investigated» Higher than normal levels of 
temperature and oxygen were used in the hope that the effects 
of these factors could be accelerated sufficiently to be 
detected in a relatively short time. Several different tests 
were used to determine the percentage germination and the 
seedling vigor of the experimentally treated seeds. 
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REVIEW CP LITERATURE 
Since the advent of commercial seed corn production, 
numerous investigations have been conducted with respect to 
the harvesting, processing, and storage factors which in­
fluence the quality of the seeds. One of the first considera­
tions during harvesting is the effect of the stage of maturity 
or moisture content of the seeds on their ability to germinate 
and produce normal plants. 
Humorous workers (1, 6, 17, 19, 21, 29» 31, 32, 35) have 
shown that although immature seeds harvested at moisture 
levels up to 80 per cent may show a high percentage germina­
tion under optimum laboratory conditions, the vigor and 
yielding capacity normally decrease at moisture contents above 
30 per cent. Little increase in vigor has been noted in seeds 
containing less than 30 per cent moisture. The vigor of seed 
corn at comparable stages of maturity has also been shown to 
vary among different genetic lines (6, 9, 29, 32). 
Seed corn is normally harvested at moisture levels unsafe 
for storage and some means of reducing the moisture content 
of the seeds to a safe level is required» In addition to 
being dried to a safe storage level, seeds must also endure 
the drying process with as little loss of vigor as possible. 
Commercially processed seed corn is usually artificially dried 
with heated air; consequently considerable attention has been 
h 
given to the effects of the drying temperature on the via­
bility and vigor of the seeds. 
Reiss (29) harvested ears of several inbred lines at 30 
and l\.Q per cent kernel moisture and dried them in heated air 
at 38, 1|3, and 49° C. He found that the vigor of the seed­
lings decreased with initial moisture content and increasing 
drying temperature. No injury was observed from drying the 
seeds at 38° C. Comparisons between the inbred lines showed 
similar response to increasing moisture9 but certain of the 
lines were injured less than others by the higher drying 
temperatures. 
Duncan and Marston (7) reported an average of 19. 65$ and 
88 per cent germination respectively for seed corn harvested 
in the milk, soft dough, and hard dough stages and dried in 
air at l\$° C. The respective germination percentages for the 
same stages dried in air at 20° C were 90, 90.5» and 89. The 
comparative performance of the seeds in a yield test was 
similar to that shown in the germination test. 
Kiesselbach (18) used temperatures of 1j2 and 1|5° C in 
drying seed corn with initial moisture contents ranging from 
13 to 57 per cent. He found no differences in the germination 
percentages and vigor of seeds ranging from 13 to 30 per cent 
moisture and dried at either temperature. The germination 
percentage of the seeds with 50 per cent moisture was reduced 
to 90.5 when dried for five days at !|5° C, as compared with 
97 per cent germination for seeds of the same moisture level 
dried at i|2° C for five days. Drying at either temperature 
for one day was not injurious. Seeds at 57 per cent moisture 
suffered losses in germination capacity when dried at either 
temperature for as short a time as one day, 
McRostie (26), also, found that the germination per­
centage of seed corn harvested at various moisture levels 
between 10 and 55 per cent decreased with increasing moisture 
content and increasing drying temperature. Drying tempera­
tures of 65° C and higher reduced the germination percentage 
of seeds of all moisture levels tested, including those below 
15 per cent initial moisture. The germination capacity of 
seed corn with moisture contents between 25 and 35 per cent 
was sharply reduced when drying temperatures of 60° G or 
higher were used. The percentage germination of seeds of 35 
per cent moisture or less was not affected by drying tempera­
tures up to 55° C. Little loss in germination percentage was 
noted for seeds up to I4.0 per cent initial moisture when dried 
at 52° 0. 
McRostie also employed combinations of drying tempera­
tures with corn of various moisture levels. He showed that 
drying at 65° C for as short a period as three hours followed 
by continuous 55° C temperature until dry (ea. 10 per cent) 
reduced the germination percentage of seeds with as little as 
20 per cent initial moisture« Increases in initial moisture 
content were accompanied by progressive decreases in per­
centage germination. 
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Harrison and Mbight (II4.) showed that the percentage 
germination of seeds at moisture levels above Lj.0 per cent was 
severely lessened with drying temperatures of 50° C and above, 
but no damage was observed with a temperature of I4.O0 C regard­
less of the initial moisture level. They found also that corn 
kernels of 16 per cent initial moisture were not damaged when 
dried at G for 120 hours to a moisture level of 3»k- per 
cent. They concluded that rapidity of drying had no effect 
on germination performance. Their drying rates were such, 
however, that more than 24 hours of drying time were required 
to reduce the moisture content from an initial 6I4. per cent- to 
20 per cent. 
Koehler and Dungan (20) found no differences in field 
performance between seed corn of 30 per cent initial moisture 
content dried to 12 per cent moisture in four days at I4JL0 C 
and seeds from the same sample dried to 12 per cent moisture 
in 30 days at 21° C. Seeds dried to 12 per cent moisture in 
90 days at 21° G and 85 per cent relative humidity gave re­
duced stands and yields and were presumably more affected by 
fungal infection. 
Livingston (22, 23) found that seed corn of 30 per cent 
or higher initial moisture content gave poorer cold test per­
formance when dried artificially at I4.O0 C than did seeds dried 
in the open air at 25 - 30° C. He suggested that there are 
physiological effects from artificial drying that enhance 
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seedling susceptibility to soil borne pathogens# in addition 
to any possible effects of pericarp injury. 
Gausman et al. (9) harvested seed corn from various in­
bred and single cross lines at different moisture levels. 
They found that small but significant reductions in germina­
tion and yield tests resulted from drying the seeds at i|3° G 
as compared with the air dried control samples. 
Work done by Hutchinson (15>) with wheat and by Griffeth 
and Harrison (11) with Reed Canary grass also indicates that 
percentage germination and vigor decrease with increasing 
initial moisture content and with drying temperature « 
Seed corn and other agricultural crop seeds are seldom 
stored and sold after more than a few years after harvesting. 
Nevertheless, much work has been done in the search for a 
better understanding of the factors which underlie the de­
terioration of seeds with time, and for better storage condi­
tions which would result in an increased life-span of the 
seeds. Work towards these ends stems largely from the desire 
to preserve, indefinitely if possible, the germ plasm of 
various genetic lines of many species without the necessity 
of planting and harvesting fresh seed crops at rather fre­
quent intervals. 
In 1938, Crocker (I4.) reviewed much of the work regarding 
the life span of seeds. Additional examples of viability in 
old seeds have been found since that time (13, 2l\.f 30, 36). 
With few exceptions, the life span of seeds has been found 
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to depend upon the moisture content of the seeds and the 
humidity and temperature of the storage environment« 
Barton and Crocker (3, 5) reviewed many of the seed 
storage experiments which they have conducted in the past-
years. They too found a correlation between life-span, seed 
moisture content, and dry, cool storage conditions for most 
seeds. They showed, however, that some seeds, such as those 
of willow, wild rice and citrus species, could withstand but 
little drying without injury. 
The literature dealing with the chemical, physical, and 
nutritive changes which occur in seeds during storage has 
been extensively reviewed by Milner and Geddes (27) and by 
Zeleny (37). 
Gunthardt _et al. (12) studied the cytological and ge­
net leal changes which had occurred in 32 year old barley, 
wheat, rye, and peas. They found an above normal frequency 
of seedling mutations, and chromosomal bridges and fragments 
in root tip and stem tip cells of these plants. 
Much of the work concerning the effects of storage con­
ditions on the viability and vigor of vegetable seeds has 
been reviewed in a publication of the Associated Seed Growers, 
Inc» (2). 
Sayre (33, 3k-) investigated the effects of moisture con­
tent, temperature, and several storage gases on the longevity 
of two seed corn varieties, Wl7 and Clarage. He found that 
seeds of both varieties at 5 per cent moisture were little 
9 
injured after 7 years storage in air at -18° G„ while only 
the variety id7 remained undamaged after 7 years storage in 
air at 23° C. Seeds of both varieties with 10 and 15> per 
cent moisture were dead after 4 and 3 years, respectively, 
when stored in air at 23® G. Storage of these seeds under 
the same conditions at -18° G resulted in only a slight re­
duction in germination. An experiment was also performed 
in which 11»2 per cent moisture seed corn was sealed in glass 
tubes containing air, carbon dioxide, nitrogen, or oxygen 
and stored at 30° C, 3° C, and -18° G. The results of this 
experiment indicated no losses in germination for any of the 
seeds stored at the two lower temperatures for 13 years. The 
higher storage temperature resulted in damage to the seeds. 
Germination percentages decreased progressively to zero per 
cent in 8 years, except for those seeds stored in oxygen 
which were dead after 3 years. 
Goodsell erfc ai. (10) performed a similar series of ex­
periments in which seed corn at 8, 10, 12, and II4. per cent 
moisture was stored in air at -18° G, 5° C, 15° 0, smd 30° C. 
The germination performance of these seeds was determined 
after one, three, and five years of storage. The results of 
these experiments showed decreasing germination with increas­
ing moisture and storage temperature. No significant differ­
ences in germinability were observed among seeds stored in 
air, carbon dioxide, and nitrogen. 
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MATERIALS A3TO-METHODS 
Drying Studies 
Field samples 
Seed corn from several sources was used in determining 
the effect of drying rate on viability and seedling vigor. 
In 1954-# seeds were harvested from a stand of field corn of 
the line WilpL-SF. In 1955? single cross seeds resulting 
from the combination of W9 with 5&A were harvested from a 
field of a local seed corn producer. Seeds from a greenhouse 
stand of self pollinated W9 X Mllj. were used in the 1958 
tests. Ears were harvested at intervals each year to obtain 
seeds at various moisture levels. The kernels from the butt 
and tip ends of each ear were discarded. The remaining ker­
nels were carefully removed from the ears by hand and placed 
in containers in such a way that each container received 
kernels from a single row on the ear. With this arrangement 
it was possible to have seed from a single ear included in 
each of an experimental series. 
Samples from each ear were dried in a 100° C air oven 
for two days to determine the initial moisture percentage of 
the seeds. The weight lost during this period was arbitrari­
ly taken as the total moisture content of the seeds and was 
used in calculating the initial moisture percentage on a 
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fresh weight basis. The calculated moisture percentage was 
assumed to be representative of all the kernels taken from the 
ear. 
In 1954* the harvested seeds were placed in 50 ml beakers 
and dried at three rates. The seeds with an initial moisture 
content above 40 per cent were dried slowly in a closed cham­
ber containing a desiccant, while the seeds with less than 
I4.O per cent initial moisture were allowed to dry in the open 
air at room temperature. A faster drying rate was obtained 
by placing the seeds in a high vacuum at room temperature, 
and drying in vacuum at 50° C resulted in the fastest drying 
rate employed. In each case drying was continued until the 
moisture content of the seeds was approximately 10 per cent, 
which was about the moisture level attained by the air dried 
seeds. 
The drying methods employed in 1955 were similar to those 
used in 1954 except that wire baskets were used as containers, 
with the seeds not more than two kernels deep, and a 30° C 
vacuum oven was substituted for the vacuum desiccator operated 
at room temperature. 
Two drying rates were used in 1958. A slow rate was ob­
tained as in the previous years with the seeds in the open 
under laboratory conditions. A fast rate was obtained by 
placing the seeds in a high vacuum at 1}.0° 0. The moisture 
contents of the embryo and endosperm, as well as of the whole 
kernel, were determined on these samples. In addition to the 
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drying methods indicated above, samples of seeds were dried 
with combinations of slow and fast rates in 1955 and 1958» 
Moisture percentages were determined during the drying 
treatments by subtracting the weight lost from the calculated 
initial moisture content of the seeds and dividing the dif­
ference (moisture remaining in the sample) by the weight of 
the sample at that time. After the harvesting and drying of 
the seeds for one year was completed, their viability and 
seedling vigor was evaluated by one or more of the methods to 
be described later. 
Rewet samples 
In addition to seeds harvested from the field, seeds of 
the single cross W9 X MII4. with an initial moisture content 
of 10*5 per cent were rewet to various moisture levels and 
subjected to different rates of drying. The seeds were rewet 
by placing them between wet plastic sponges at 5° G until the 
desired moisture content was reached. The seeds from each 
moisture level were then dried at a slow rate in the open air 
at 25 - 30° G, or at a rapid rate in a I4.O0 C vacuum oven. 
Each sample was redried to about 10 per cent moisture. After 
the drying process the viability and seedling vigor was de­
termined by the laboratory germination test outlined in a 
later section. 
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.Storage Studies 
Several experiments were conducted to determine the 
effects of various storage conditions on the viability and 
vigor of corn. In order to determine the degree to which 
atmospheric oxygen might affect seed deterioration in storage, 
a seed lot was dried in a 50° C vacuum oven to less than one 
half of one per cent moisture. This process required 70 days. 
One half of the dried seed lot was then sealed in tubes 
containing 100 per cent nitrogen and the other half in tubes 
with 100 per cent oxygen. Half of those tubes containing 
nitrogen and half of those with oxygen were placed in a cold 
chamber at -30° C and the remainder in an incubator at 50° 0. 
The gas pressure in the tubes was adjusted so that a pressure 
of about one atmosphere would be reached at the storage tem­
perature. The temperature spread was used to determine the 
temperature dependency of the oxygen effect. The higher 
temperature was intended to accelerate any oxygen effect so 
that this could be detected after relatively short storage 
periods. 
The seeds were dried to the low moisture level to de­
termine if dry seeds could withstand the high storage tem­
perature and to determine the ability of very dry seeds to 
withstand long term storage. Tubes of each storage treatment 
were removed after 7, ll|., and 32 months, and the viability 
and vigor of the seeds were determined by the germination 
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test outlined in a later section. Some seeds of the intial 
undried lot, as well as some from the dried sample, held in a 
desiccator, were maintained under laboratory temperatures 
during the same periods of time, and were tested with the 
sealed seeds. These lots provided an additional storage 
environment of approximately 20 per cent oxygen and 80 per 
cent nitrogen and a temperature of 25 to 30° C. They also 
provided a means for determining the relative performance of 
dried and undried seeds. The germination behavior of the 
seeds was determined immediately before and after drying to 
see if the drying treatment itself might be responsible for 
any damage incurred by the seeds of the experiment. 
The rapid deterioration of the seeds stored in oxygen 
during the first storage period of 7 months suggested that 
it would be profitable to set up a second experiment employing 
additional oxygen levels and temperatures within the range 
used in the first experiment. The seeds for this experiment 
were dried to ca. one per cent moisture in vacuum at 30° C. 
Six months was required to dry the seeds at this temperature. 
The dried seeds were then sealed in tubes containing 0, 20, 
60, and 100 per cent oxygen, with nitrogen making up the 
balance. Tubes containing each gas level were then stored 
at 0, 5, 15, 25, 35, and 50° C. As in the first experiment, 
the vigor and viability of the seeds were determined im­
mediately before and after drying, and after 10 months in 
storage. 
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A third storage experiment was set up in which seeds 
with moisture contents of 2, ij., and 8 per cent were sealed 
in tubes containing 100 per cent oxygen and stored at 50° C. 
Seeds from each treatment were then evaluated, as in the 
other experiments, after k and 13 weeks. The initial seed 
lot was first dried to about 2 per cent moisture in vacuum 
at !(.0° C and the lot was then divided into three groups. 
One group was left at 2 per cent moisture, one group was re­
wet to Lj. per cent and the third group was rewet to 8 per 
cent. Rewet-t-ing of the seeds was accomplished by suspending 
the seeds in a water saturated atmosphere at 5° C until they 
acquired the desired moisture content. It was hoped that 
this technique would equalize the damage incurred in the 
drying of the three moisture groups. 
As no provisions were made in the above experiments to 
determine if oxygen was taken up in quantity by the seeds in 
storage, an experiment was designed to investigate this as­
pect. Seeds of 10.5 per cent moisture were sealed in flasks 
containing 100 per cent oxygen and fitted with mercury ma­
nometers. The flasks and manometers were then placed in a 
50° C incubator. Manometer readings were recorded periodi­
cally and the oxygen uptake calculated. 
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Evaluation of Treatment Effects 
The evaluations of the effects of the treatments in 
the various experiments were made by observing the gross 
effect of the treatments on the growth of the seeds® Several 
methods of testing the viability of the seeds and the vigor 
of the seedlings were used» 
Germination test 
To determine the percentage germination of a seed sample, 
the seeds were placed on wet filter paper in petri dishes 
and incubated at 30° C. The number of seeds germinated after 
72 hours was determined and the seeds were allowed to remain 
under these conditions for an additional 1|8 hours to ensure 
that all viable seeds were detected. This test was also used 
to evaluate the vigor of the seedlings by obtaining fresh 
weights of the seedlings separated from the endosperm, and by 
recording the number of hours required for the emergence of 
the radicles through the seed coat. 
Cold test 
Another means of evaluating the vigor of a seed sample 
consisted of placing the seeds at a depth of one-half inch 
in a mixture of moist sand and soil taken from a local corn 
field, incubating at 10° C for seven days and at about 30° C 
for an additional five days. The seedlings were then rated 
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0 for dead seeds, 1 for seedlings with abnormal roots or 
shoots, 2 for normal seedlings up to 4 cza in height and 3 
for normal seedlings with shoots 4 cm in length or better. 
Although this test gave a better indication of the percentage 
of seedlings with high vigor„ many of the seeds which did not 
germinate under these conditions were viable as determined 
by the germination test. Thus the cold test did not dif­
ferentiate the low vigor difference. 
Greenhouse test 
This method of seed testing was used to distinguish 
smaller differences in vigor than was possible with the cold 
test and to determine whether differences in vigor were main­
tained over a longer growing period. The test consisted of 
planting the seeds in moist unsterilized sand in benches 
under greenhouse conditions. The temperature of the green­
house varied between approximately 20 and 30° C. Time of 
emergence of the seedlings was noted and fresh weights of 
the above ground portions determined about ll|. days after 
planting. 
Growth chamber test 
Because of the variation in the greenhouse growing 
conditions, the greenhouse test could be employed only to 
compare the growth performance of the seeds planted at one 
time. The performances of seed samples planted on different 
18 
dates were not comparable « Since the storage experiments 
extended over periods of months to years, it was not possible 
to maintain an unchanging control sample of seeds with which 
to compare the viability and vigor of the treated samples® 
It was necessary then to devise a growth test which would 
allow the comparison of the results obtained at one time 
with those obtained on a later date* This method consisted 
of planting the seeds one cm deep in a total of seven cms 
of moist unsterilized vermiculite in metal flats under the 
controlled temperature and light conditions of a growth 
chamber. The chambers used in this study were modified walk-
in coolers fitted with appropriate thermostats and fciaie clocks. 
The temperature used in these studies was a constant 30° C. 
Constant overhead light from white fluorescent tubes giving 
approximately 300 ft, candles at the surface of the planting 
medium was used. In evaluating the vigor of the seedlings 
the time of emergence was noted and the height of the eele-
optiles and first leaves was determined periodically during 
the early stages, and the lengths of the second leaves pro­
duced by the seedlings were recorded at intervals until the 
third leaf began to emerge. About two weeks after planting 
the above ground parts were harvested and their fresh weights 
obtained. Growth rates of the early and late seedling stages 
were determined from the height measurements obtained. 
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EXPERIMENTAL RESULTS 
Drying Studies 
Field samples 
In the drying experiments conducted in 1954» considerable 
difficulty was experienced in obtaining well differentiated 
drying rates with the methods employed, and some atypical 
rates were obtained when the drying equipment was overloaded 
with moist grain. The germination and vigor data contributed 
sufficient information, however, to warrant their presentation 
here. 
The initial moisture percentages of the seeds harvested 
in 1954 are shown in Table 1. It was unfortunate that, be­
cause of rapid field drying, no seed was obtained in the 35 
to 43 per cent range, as this proved to be a critical level. 
Drying rate curves typical for the moisture range and the 
three drying methods used are shown in Figures 1, 2, and 3 
for seeds harvested with 52.8 , 43»9, and 23«9 per cent mois­
ture, respectively. The difference in the air drying curves 
shown in Figures 1 and 2 was the result of overloading the 
drying chamber when the second lot of seeds (Figure 2) was 
placed in the chamber with the first. Rather unexpectedly, 
the very slow air drying shown in Figure 2 resulted in good 
seed, whereas the air dried seeds from the Figure 1 test all 
20 
Table 1» Germination tests - 1954 samples 
Initial Germination percentages 
moisture Air dried Vacuum Vacuum 
percentage (ca. 30° G) (5o° c) 
54.5 a 0 0 
52.8 a 0 0 
51*3 a 0 0 
50.2 a 0 0 
48.8 a 10 0 
46.4 100 20 0 
45 «4 100 0 0 
43.9 100 10 0 
43.9 100 0 10 
43.2 100 0 0 
34*4 80 100 90 
32.5 100 100 100 
32.2 100 100 100 
30.8 100 100 100 
30.6 100 100 100 
28.5 100 100 100 
27.6 100 100 100 
23.9 100 100 100 
22.7 100 100 100 
19.1 100 100 100 
19.0 100 100 100 
aSeeds lost by molding. 
50 
40  
UJ30 
,  VACUUM 
DESICCATOR 20 
50°C VACUUM 
_J I I I I I I 
20 40 60 80 100 120 140 
TIME, HOURS 
Figure 1= Drying curves for 19514- samples harvested with an average of 53 per cent 
moisture. The vacuum dried seeds were killed by these rapid drying 
rates. Arrows indicate time of transferring to laboratory conditions. 
50 
AIR DRIED ( IN  CHAMBER)  
VACUUM DESICCATOR 
20 40 60 80 100 120 40 
TIME, HOURS 
Figure 2. Drying curves for 1954 samples harvested with an average of 44 per cent 
moisture . The air dried samples gave satisfactory germination, but 
the vacuum dried lots were killed or nearly so. 
20 
VACUUM DESICCATOR 
AIR DRIED 
50°C VACUUM 
—/ /— 
20 30 40 
TIME, HOURS 
50 60 60 
Figure 3. Drying curves for 1954 samples harvested with lower moisture percentages. 
All of these lots gave 100 per cent germination. 
21». 
molded as the result of raising the humidity in the chamber 
after they had been dried to about 20 per cent moisture* 
After the drying process was completed, 10-seed samples 
from each moisture level and treatment were given the labora­
tory germination test. The percentage germination of these 
samples is shown in Table 1* It was felt that greater dif­
ferences in vigor existed between these samples than were 
brought out by this test5 hence a second lot of 10 seeds was 
taken from each moisture level and treatment and subjected 
to the cold tests Additional differences in vigor were de­
termined by the use of this test, as is shorn in Table 2» A 
comparison of the drying rate curves with the vigor test data 
indicates that differences in vigor between the air dried 
seeds and the room temperature, vacuum dried seeds existed 
only when the drying rates obtained by the latter method were 
faster than those obtained by the former* These data suggest 
also that seeds with initial moisture content of 2$ per cent 
or greater may be damaged by drying at a rate as rapid as 
that attained with the f?0° C vacuum method. 
The drying rates obtained with the three methods used in 
1955 were better differentiated than those resulting from the 
19drying methods. Typical of the drying rates are those 
shown for the 5>1«9 and 31®1 per cent initial moisture samples 
shown in Figures 4 and 5, respectively. Pour different tests 
were used to evaluate the effects of the drying treatment on 
the viability and vigor of these seeds. The viability of 
Table 2. Cold teats - 1954 samples 
Initial 
moisture 
percentage 
Air 
Germ. 
% 
dried 
Vigor 
rating 
Vacuum 
Germ. 
% 
(ca. 30° C) 
Vigor 
rating 
Vacuum 
Germ. 
% 
(50° o) 
Vigor 
rating 
54.5 b V — 0 0 0 0 
52.8 u H «=> 0 0 0 0 
51.3 u x - 0 0 0 0 
50.2 V Vv •» 0 0 0 0 
48.8 D — 0 0 0 0 
4-6.4 90 2.2 0 0 0 0 
45.4 100 2.7 0 0 0 0 
1)3.9 70 1.5 0 0 0 0 
43.9 90 2.3 0 0 0 0 
43.2 80 1.9 0 0 0 0 
34.4 70 1.8 60 1.2 0 0 
32.5 80 2.2 60 1.3 50 1.2 
32.2 100 3.0 100 3.0 100 2.4 
30.8 100 3.0 100 3.0 80 1.6 
30.6 100 3.0 100 2.9 70 1.8 
28.5 100 2.7 90 2.6 60 1.1 
27.6 80 2.0 100 3.0 90 1.7 
23.9 100 3.0 100 2.9 100 2.4 
22.7 100 3.0 90 2.6 100 3.0 
19.1 100 3.0 100 2.8 100 3.0 
19.0 100 3.0 100 3.0 100 3.0 
A^verage value for 10 seeds planted : 0, dead; 1, seedlings abnormalj 2, 
sprouts up to 4 cm In length; 3* sprouts over 4 cm. 
bSeeds lost by molding. 
50 
40 
30° C VACUUM 
uj 30 
"*»»**" ~ 
50°C VACUUM 
20 30 50 40 
TIME, HOURS 
60 230 
Figure 4' Drying curves for 1955 samples harvested with an average of 5i per cent 
moisture. The air dried samples gave satisfactory and the vacuum dried 1 
very poor germination. Arrows indicate time of transferring to laboratory 
conditions. 
AIR DRIED 
30°C VACUUM 
50 C VACUUM 
30 40 50 
TIME. HOURS 
M 
; 
v/-60 2350 
Figure 5» Drying curves for 1955 samples harvested with an average of 31 per 
cent moisture. Germination and vigor were generally good for these 
samples. 
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the seeds was determined by the laboratory germination test. 
As indicated in Table 3, no differences in percentage germi­
nation were noted among the air dried seed samples from the 
moisture range tested. The seeds dried in vacuum ovens at 
30° C and at 5>0° c showed decreased germinability for those 
seeds with initial moisture content above per cent, but 
seeds with less than about l\S per cent initial moisture were 
not different from the air dried samples in this respect. 
Differences in the fresh weights of the dissected seedlings 
indicated that those samples with more than about 38 per 
cent initial moisture and dried in vacuum at either 30° C 
or 50° 0 were less vigorous than the samples with comparable 
initial moisture contents which were dried more slowly in 
air. 
Since extremely good and very poor field conditions were 
approximated in the greenhouse and cold tests respectively, 
it was felt that a better evaluation of seedling vigor would 
be obtained with these methods. The results of these two 
tests are shown in Tables 4 and 5» It is apparent from a 
comparison of the data presented in Tables 3, 4, and 5 that 
the conditions of the growth test influenced the growth per­
formance of the seeds. Although measurements of the fresh 
weights of the seedlings gave additional vigor information, 
a comparison of the germination percentages of the seeds in 
the three tests permitted comparable vigor evaluations with 
considerably less labor. 
Table 3• Germination testa - 1955 samples 
Initial 
moisture 
percentage 
Germ. 
% 
Air dried 
Fresh wt.»a 
gm 
Vacuum (30° C) 
Germ. Fresh wt«,a 
% gm 
Vacuum (50° C) 
Germ. Fresh wt.  , a  
% gm 
51.9 100 3.21 20 0.38 10 0.20 
51.6 90 2.31 10 0.21 20 0.53 
5i.i 80 3.49 30 0.22 10 0.16 
hB.9 100 3.47 30 0.45 40 0.93 
48.7 100 3.30 0 0.00 20 0.26 
47.6 90 3.14 20 0.31 20 0.38 
47.4 90 3.03 30 o.65 10 0.20 
46.1 100 4» 46 100 1.46 100 2.08 
46.1 100 3.34 50 0.51 80 2.17 
45*3 100 4.21 90 1.63 100 2.08 
i^.3 100 2.84 100 1.77 90 2.31 
44»6 90 2.98 80 0.98 70 1.10 
44» o 100 3.48 100 1.32 90 1.03 
43.5 100 3.27 100 2.06 100 2.07 
43.5 90 2.49 90 1.51 90 1.32 
42.5 100 3.38 100 2.54 100 2.52 
41.0 100 2.96 100 1.78 100 1.62 
40.6 100 2.50 100 0.91 100 1.59 
40,1 100 4.11 100 le 46 90 1.81 
39.5 100 3.37 90 2.63 90 2.73 
aTotal fresh weight from 10 seeds planted» 
Table 3- (Continued) 
Initial Air dried Vacuum (30° C) Vacuum (50° 0) 
moisture Germ® Fresh wt.,a Germ* Fresh wt. ,a Germ. Fresh wt. , a  
percentage % gm % gm % gra 
39.1 80 3.91 100 2.38 100 2.45 
38.5 100 3.09 100 3.21 100 2.65 
37.7 100 4.18 100 3.52 80 3.86 
36.8 100 5.19 100 4.38 100 4.02 
36.8 100 4.76 100 4.05 100 4.25 
36.3 100 5.34 100 3.87 100 3.71 
33.8 100 5.77 100 5.66 100 5.96 
33.6 90 4.92 100 4.20 80 3.95 
33.4 100 5.49 100 4.87 100 4.20 
32.1 100 5.83 100 4.89 100 4.33 
32.1 100 6.19 70 0.88 100 2.04 
31.1 100 5.57 100 6.32 100 6.20 
30.0 100 3.90 100 5.15 100 4*69 
19.9 100 5.54 100 4.07 100 5.85 
19.9 100 5.23 100 4.95 100 5.01 
18.5 100 4.59 100 3.91 100 5.29 
17.6 90 5.87 100 5.14 100 5.11 
17.3 100 4.67 100 4.09 100 4*43 17.3 100 5.14 100 4.86 90 5.22 
Table 4» Greenhouse tests - 1955 samples 
Initial Air dried Vacuum 
o
 
o
 
c\ 
Vacuum (50° G) 
moisture Germ. Fresh wt.,a Germ. Fresh wt.,a Germ. Fresh wt. ,a 
percentage % gm % gm % gm 
51.9 60 0.18 0 0 0 0 
51.6 40 0.17 0 0 0 0 
51.1 10 0.05 0 0 0 0 
46.9 20 0.06 0 0 0 0 
48.7 60 0.07 0 0 0 0 
47.6 50 0.09 0 0 0 0 
47.4 20 0.10 0 0 0 0 
46.1 100 o.i5 0 0 0 0 
46.1 90 o.i5 0 0 0 0 
45.3 100 0.22 0 0 0 0 
45.3 100 0.20 0 0 0 0 
44.6 80 0.20 0 0 0 0 
44.0 90 0.13 0 0 0 0 
43.5 70 0.21 0 0 0 0 
43.5 50 0,09 0 0 0 0 
1|2.5 60 0.15 0 0 0 0 
41.0 90 0.25 0 0 0 0 
40.6 80 0.01 20 0.10 10 0.01 
40.1 80 0.22 30 0.06 0 0 
39.5 100 0.29 0 0 0 0 
aAverage fresh weight per germinated seed of 10 seeds planted. 
Table 4* (Continued) 
Initial Air dried 
moisture Germ. Fresh wt. 
percentage % gm 
39.1 100 0.43 
38.5 100 0.45 
37.7 90 0.58 
36.8 100 0.34 
36.8 100 0.57 
36.3 100 0.34 
33.8 100 0.42 
33.6 80 0.43 
33.4 100 0.50 
32.1 100 0.49 
32.1 100 0.54 
31.1 100 0.51 
30,0 100 0.54 
19.9 100 0.64 
19.9 100 0.57 
18.5 100 0.51 
17.6 100 0.49 
17.3 100 0.47 
17.3 100 0.39 
Vacuum (30° C) 
Germ. Fresh wt. ,a 
% gm 
0 0 
50 0.23 
0 0 
20 0.15 
0 0 
0 0 
100 0.28 
0 0 
10 0.03 
90 0.31 
100 0.39 
100 0,60 
80 0.34 
100 0.61 
100 0*56 
100 0*54 
100 0.37 
100 0.54 
100 0.51 
Vacuum (50° c) 
Germ. Fresh wt. ,a 
% gm 
0 0 
40 0.10 
0 0 
0 0 
0 0 
60 0.32 
100 o»4o 
0 0 
0 0 
60 0.23 
100 0*46 
100 0*44 
40 0.38 
100 0.51 
100 0.49 
100 0.63 
90 0.29 
100 0.31 
100 0.46 
Table 5« Cold tests - 1955 samples 
Initial 
moisture 
percent age 
Air 
Germ. 
* 
dried 
Vigor 
rating 
Vacuum 
Germ. 
% 
(30° 0) 
Vigor 
rating 
Vacuum (50° C) 
Germ. Vigor 
$ rating8. 
5l®9 to 
40.1 0 0 0 0 0 0 
39.5 0 0 0 0 0 0 
39.1 60 1.4 0 0 0 0 
38.5 70 1.5 10 0.3 0 0 
37.7 60 1.7 0 0 0 0 
36.8 0 0 0 0 0 0 
36.3 30 0.7 0 0 0 0 
33.8 60 1.7 70 1.9 60 1.8 
33.6 4.0 0.8 0 0 0 0 
33.4 60 1.2 0 0 0 0 
32,1 30 0.5 0 0 0 0 
32.1 100 2.6 50 1.3 10 0.1 
31.1 100 2.9 90 2.5 100 3.0 
30.0 100 2.9 90 2.4 80 2.2 
19.9 100 3.0 100 3.0 100 3.0 
19.9 100 3.0 90 2.7 100 2.8 
18.5 100 3.0 100 3.0 100 3.0 
17.6 90 2.7 100 3.0 100 2.9 
17.3 100 2.9 100 3.0 100 3.0 
17.3 100 3.0 90 2.7 100 2.9 
A^verage value for 10 seeds plantedï 0, dead; 1, abnormal seedlings5 
2, sprouts up to Ij. cm in length; 3, sprouts over 4 cm. 
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Three replications of five seeds each from several 
samples which had been dried by the three drying methods 
were planted in the field to evaluate their stand and yield 
potentialities. The growth rates obtained for the air dried 
seeds during the first three weeks decreased progressively 
as the moisture levels of the samples at harvest increased 
above 36.3 per cent. The growth rates over this same period 
for seeds with less than 38.5 per cent initial moisture did 
not vary significantly. The growth rates of the seeds at 
each moisture level above 19-9 per cent, and dried with each 
of the two vacuum methods, were less than those obtained for 
the air dried seeds, and decreased progressively with in­
creasing harvest moisture content. 
The growth rates of the slower growing plants increased 
after the first four weeks until all plants were approxi­
mately the same height at the end of the growing season* 
Late-season damage to the grain made it impossible to 
determine the yield of these plants. No abnormalities in 
the structure, reproductive organs, or fruit of the mature 
plants were evident. Since nearly all of the plants which 
reached maturity were approximately the same size, small 
differences, if any, in yield per plant might be predicted. 
The stand obtained with the various samples is shown in 
Table 6. 
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Table 6® Percentage stands3, - 1955 samples in the field 
Initial 
moisture Air Vacuum Vacuum 
percentage dried (30* c) (5o° C) 
45.3 67 0 0 
43.5 87 0 0 
I4.Û0 6 l|6 0 0 
38.5 100 60 40 
36.3 100 40 40 
33.8 100 80 93 
31.1 100 100 100 
19=1 100 100 100 
aAverage values for three replications of five seeds 
each. 
Additional samples from some of the ears harvested in 
1955 received various combinations of slow and fast drying 
to determine the moisture range over which injury was most 
serious. Initial moisture per cent varied from 52 to 36. 
Drying schedules, as shown in Table 7, varied from drying to 
10 per cent moisture in air, to the same drying in vacuum at 
30 or 50° 0. Intermediate treatments started at either the 
slow or the fast rate, and were then completed under the 
opposite conditions. 
The germination percentages in Table 7 show that all but 
the slowest drying schedules with the lower initial moisture 
contents reduced the viability of the grain. In general, 
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Table 7= Greenhouse tests of 1955 samples dried in air 
and/or in vacuum 
Percentage moisture reached with % Germ- Fresh 
each drying method ination weight, 
55 iiO 25 10 
Ab " 
A " yC— • 
A V 
V 
Ve™ 
V A 
A V 
A V 
A V 
V A 
V™ A 
V~ 
V 
A V 
VA ~ 
V A 
A 
I v*r 
I—m 
V ' A * " " "  
V' A 
7 
55 ko 25 lo 
37 0.60 
16 0.11 
3 0.06 
7 0.11 
0 0.00 
0 0.00 
0 0.00 
53 0.42 
20 o.i5 
0 0.00 
0 0.00 
10 0.08 
7 0.09 
3 o.o4 
90 3.49 
83 2.87 
70 1.88 
83 1.87 
27 0.55 
20 0,56 
100 4.16 
97 4.53 80 2.08 
87 2.03 
43 1.21 
40 1.42 
aAverage of three, 10-seed samples. 
bDried in air. 
cDried in 50° G vacuum. 
D^ried in 30* G vacuum. 
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injury in both germination percentages and seedling vigor was 
proportional to average drying rate of all moisture contents 
above about 20 per cent. These results indicate that extreme 
caution in the use of rapid drying for seed corn is required» 
The seed samples harvested in 1958 were dried either in 
air at room temperature or in a vacuum at I4.O0 c. The 4-0° C 
temperature was used to reduce the possibility of heat damage 
at higher temperatures. Typical drying curves obtained for 
this grain are shown for the 48o7 and 31«1 per cent average 
moisture samples in Figures 6 and 7 respectively® In both 
series the time required to reach the 20 per cent moisture 
level by drying in air was about five times that required 
with drying in vacuum at I4.O0 C. The rates obtained with the 
lj.8.7 per cent moisture sample were nearly equal to those ob­
tained with the 5l®9 per cent samples harvested in 1955 (Fig­
ure I4.} and dried in air or in vacuum at 50° 0. A comparison 
of the drying rates of the 31®1 per cent moisture samples for 
the two years indicates, however, that the 1958 drying rates 
for the samples at the lower moisture levels were somewhat 
faster than the comparable rates for the 1955 samples (Figure 
5). As the moisture level of the samples harvested in 1955 
and 1958 increased, their drying rates by comparable methods 
became more nearly equal. 
The data in Table 8 are the results of the laboratory 
germination test used to determine the germination percentages 
and the seedling vigor of the experimentally dried seeds. 
h- 40 
LU 
a: 20 
•AIR DRIED 
-40°C VACUUM 
UJ 
CD 
0 20 30 40 
TIME. HOURS 
50 60 70 
Figure 6, Drying curves for 1958 samples harvested with an average of 49 per cent 
moisture. The more rapid drying resulted in death or serious injury of 
the seeds. Arrows indicate time of transferring to laboratory conditions, 
o \ 
AIR DRIED 
20 
10 20 30 40 50 60 70 
TIME, HOURS 
Figure 7» Drying curves for 195# samples harvested with an average of 31 per cent 
moisture. Even in this range, fast drying injured the seeds. 
li-0 
Table 8. Germination tests - 1958 samples 
Initial Air dried Vacuum (4@° C) 
moisture Germ»a Fresh wt. ,a Germ.a Fresh wt. ,a 
percentage % gm % gm 
56.4 75 0,80 0 0.00 
48*7 80 1.57 0 0.00 
48.1 95 1.50 30 0.26 
41.2 100 2.85 85 1.22 
4o« 8 95 2.13 90 1.31 
40.7 90 1.53 90 1.00 
39.1 95 3.13 80 1.38 
38.6 95 2.76 85 1.29 
38.3 100 3.34 100 2.14 
36.8 100 3.22 100 1.99 
34.1 80 1.60 90 0.86 
33.8 95 2.57 85 0.98 
31.1 100 2.29 90 o.5o 
29.2 100 2.76 100 1.34 
27.4 100 2.77 95 1.58 
25.3 100 2.97 90 1.67 
21» 4 100 2.19 100 2.87 
18.8 100 3.26 100 2.92 
15.5 100 2.77 100 2.69 
11.5 100 3.15 95 2.70 
aAverage of two replications of 10 seeds each. 
Lp. 
These data indicate that little difference in seedling vigor 
existed between the air dried seeds of initial moisture 
levels below l\2 per cent while the seeds containing 25 per 
cent moisture or more and vacuum dried were less vigorous 
than the air dried grain. A comparison of these data with 
those in Table 3 for the 1955 samples indicates that the 
1958 greenhouse-grown seeds were generally less vigorous 
than those harvested from the field in 1955» The damage 
caused by drying in vacuum at k-G° G in 1958 extended to seeds 
of lower moisture content than did the drying in vacuum at 
50° C of the seeds harvested in 1955« This might be at­
tributed to growing differences, to genetic differences be­
tween the 1955 and 1958 seed lots, or to the more rapid 
drying rates obtained for the lower moisture samples in 1958. 
It is evident from the close agreement between the effects of 
drying in vacuum at 30° C and 50° C in 1955 and at ko° G in 
1958 that the vigor losses sustained in these experiments 
were a result of rapid drying and not of the drying tempera­
tures used. 
Additional samples were partially dried to various mois­
ture levels, either in air or in vacuum at I|0° C, and then 
dried further to ca. 10 per cent moisture by the opposite 
method. The drying schedule for these treatments and the 
germination test results for the samples are given in Table 
9. The data in this table were compiled by averaging the 
results obtained for those samples which agreed closely in 
1|2 
initial moisture content. Although the results of this ex­
periment are in close agreement with the results of a similar 
experiment performed in 1955 (Table 7), the data in tables 7 
and 9 are only relatively comparable since different tests 
were used in evaluating the germination percentage and seed­
ling vigor of the grain. The data in the two tables do 
indicate, however, that losses in vigor by the experimental 
seeds appeared to be dependent upon the amount of moisture 
above ca= 20 per cent which was removed by the more rapid 
drying method. Two figures are of especial interest. Seeds 
dried in air from about I4.8 per cent to I4.0 per cent, then in 
vacuum to 10 per cent (no. 5) germinated only 10 per cent* 
Those started in the vacuum and finished in air from l|-0 Per 
cent (no, 6) germinated 95 per cent. These results suggest 
that the matter of time for certain physiological processes 
during drying, rather than rate of water removal, is the 
factor concerned with injury. In sample no. 5 there was 
enough moisture and time after the transfer to air to enable 
a satisfactory adjustment within the seeds. 
The distribution of moisture between the embryo and 
endosperm was determined for the seeds of each moisture level 
harvested in 1958= The embryos were separated from the endo­
sperm of the kernels with an especially designed grooving 
tool fashioned from a small cork borer. This device per­
mitted the removal of most of the embryo from even the driest 
of kernels. The moisture percentages of the kernel parts are 
w 
Table 9® Germination tests of 1958 samples dried with air 
and/02? I4.O0 C vacuum. 
Percentage moisture reached with % Germ™ Fresh 
each drying method ination weight, 
55 40 25 10 graa 
1. Ab 
2e A 
3. A V 
4- A V 
5. A V 
6. V A 
7. V A 
8. V A 
9. VI 
10. A 
11. A V 
12. A 
13. A V 
Ik. V À 
15. V A 
16. V A 
17. A 
18. V 
19. A 
20. 
21. 
22. 
23. 
24. 
A 
A 
T 
88 1.53 
75 1.56 
70 0.85 
45 0,65 
10 0,09 
95 1.90 
70 1,02 
50 0.40 
15 0.13 
95 2.62 
100 2.21 
96 2.17 
96 1.77 
98 3,07 
98 2,14 
100 2.04 
90 11,21 
88 1.39 
93 3.03 
93 2,51 
88 0,78 
100 3.20 
97 2,83 
95 1.53 
55 40 25 10 
A^verage values from 10 seeds plantede 
bDried in air 
°Dried in I4.O0 C vacuum. 
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shown in Figure 8® These values agree closely with those 
obtained by Sprague (35) in similar work in 1938» The 
curves in Figure 8 indicate that the embryo moisture content 
remains about 15 per cent higher than that for the whole 
kernel through the 30 to lj.0 per cent, who le-kernel moisture 
range» Below 30 per cent whole-kernel moisture the embryo 
moisture dropped rapidly relative to the whole kernel until 
both whole kernel and embryo had about the same moisture at 
15 per cent. The work of Robinson (31) indicates that the 
dry weight of the embryo may reach a maximum when the kernel 
moisture is between 30 and I4.0 per cent. If this was true 
for the seeds used in this investigation, it appears that 
the reduction in embryo moisture from 60 to J4J4. per cent may 
have been due in part to an increase in dry weight, and the 
further reduction to about 10 per cent may have been due en­
tirely to loss of water. 
Rewet samples 
The grain used in this experiment was rewet at 5° 0 so 
that the onset of high metabolic activity usually associated 
with the uptake of water at higher temperatures would be 
avoided and the mature rewet seeds could be presumed to main­
tain their dormant state. The seeds were stored at 5° C for 
four days after imbibing water to the desired moisture levels 
to insure moisture equilibrium throughout the kernels. The 
rewet samples were redried either in air or in vacuum at 
EMBRYO 
O 50 
WHOLE 
KERNEL 
ENDOSPERM 
L / C D M C  I  fvy)r\ ieti pr 
r l. n v c.iM i 
Figure 8. Distribution of moisture percentages between embryo 
and endosperm of the maturing corn kernel. 
1L6 
40° G» Typical drying curves obtained for the various 
samples are shown for the 37*9 and 2l|..0 per cent seeds in 
Figure 9» It is notable that the seeds with the higher 
moisture content dried at a more rapid rate under either of 
the drying conditions than did the lower moisture samples® 
This effect was not observed with the field samples, which 
dried at comparable rates regardless of their initial mois­
ture content. 
The germination test results for these seeds also did 
not agree with those of the field harvested grain® These 
data, given in Table 10, indicate that little loss in vigor 
was sustained by the lf.0° C vacuum dried seeds rewet up to 
26.7 per cent moisture» The seeds which were rewet to 35»6 
and 37.9 per cent moisture and dried in vacuum at lj.0° C showed 
a slight indication of drying damage, but the air dried seeds 
of the same rewet moisture contents also showed reduced vigor. 
It appears then that these seeds may have been reduced in 
vigor through the effect of some unknown factor before they 
were redrled. 
The rewet seeds were physiologically mature and these 
results suggest again that physiological maturation during 
rapid drying of fresh seeds is the important factor in injury. 
AIR DRIED 
40 C VACUUM 
30 40 50 
TIME, HOURS 
60 70 
Figure 9. Drying curves for old corn rewet to two moisture levels. Arrows indicate 
time of transferring to laboratory conditions. 
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Table 10» Germination tests - rewet seeds 
Rewet 
moisture 
percentage 
Air 
Germ.a 
% 
dried 
Fresh wt.,a 
gm 
Vacuum (40° C) 
Germ.a Fresh wt.,a 
% gm 
10.8b 100 2.05 100 2.53 
15.4 95 2.65 100 2.75 
18.9 100 2.85 90 2.50 
24.0 100 2.40 100 2 6 49 
26.7 100 2.67 100 2,17 
35.6 100 2.19 100 1.43 
37.9 90 1.62 95 1.22 
aAverage values from two 10 seed samples. 
bInitial seed lot not subjected to rewetting or drying 
treatments. 
Storage Studies 
The first storage experiment was designed to determine 
the effects of oxygen on the viability and vigor of seed corn 
stored with approximately zero per cent moisture, and to 
determine the temperature dependency of this effect. Zero 
per cent moisture was established by drying a sample of the 
seed lot at 100° G for two days, and assuming that all free 
moisture was removed by this drying. The sub samp le s of seed 
14-9 
were then dried at 50° C in a high vacuum to bring them to 
the calculated oven dry weight. À few of the sub s amp le s 
were not quite down to the moisture free weight after 70 
days of drying. The average moisture percentage was calcu­
lated as approximately 0,1 per cent, with a maximum of about 
0.5 per cent. These dry seeds were then sealed in glass 
tubes filled with oxygen or washed, cylinder nitrogen and 
stored at -30 or +50° 0. Extremes of gas concentration and 
temperature were used to insure the identification of any 
possible effects. 
The subsamples of seed were removed from storage at 
intervals and their viability determined by the germination 
test, and seedling vigor estimated by obtaining the fresh 
weights of the seedlings after four days incubation at 30° G. 
The germination test results for these seeds after 7, lit, and 
31 months storage are shown in Table 11. A graphical presen­
tation of the fresh weight data from this table is given in 
Figure 10, 
The initial difference in vigor between the un dried and 
dried seeds as shown in these data is assumed to be due to 
damage incurred during the drying period of 70 days at 50° G. 
It is interesting that the absolute rates of vigor loss for 
these two lots when stored in air- at room temperature were 
approximately the same, even though the low moisture level 
of the dried lot was maintained during the storage period. 
Table 11. Germination tests of first storage experiment 
After 7 mo.a After 14 moea After 31 mo.b 
Storage Germ. Fresh wt«, Germ. Fresh wfc., Germ. Fresh wt., 
conditions % gm % gm % gm 
N2 -30° 0 96.2 2» 07 97.5 2.10 100.0 1.90 
02 «30° 0 97.2 2.12 95.0 1.97 100.0 1.80 
o O 
XA 
C 96.2 1.76 83.8 0.99 32.5 0.19 
o2 5o° C 1.0 0.00 0.0 0.00 0 .0  0.00 
Air 25-30° 0° 92.5 1.81 85.0 0.84 45oû 0.21 
Air 25-30° cd 100.0 3.37 100. 0 2.74 100.0 1.37 
aAverage of 4 tubes, 20 seeds each, 
b Average of 2 tubes, 20 seeds each, 
cDry seeds stored in desiccator under laboratory condition:;. 
O^riginal, un-dried seed lot (ça. 8 per cent) stored in paper bag under 
laboratory conditions. 
4.0 
AIR,  25-30°  (UNDRIED) 
o3.0 
ÙJ 2.0 
0g,  50°C 
Ng,  -30°C 
^—Op,  -30°c 
Ng, 50°C 
AIR,  25-30°C 
"(DRIED) 
10 20 30 
STORAGE TIME, MONTHS 
Figure 10® Total fresh weight of growth produced in four days from seeds stored 
with indicated conditions. The sharp drop in initial growth of the 
completely dried seeds is assigned to drying injury. 
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Photographs of typical growth of seeds from the various 
storage treatments are shown in Figures 11, 12 and 13® 
These photographs indicate the rapid death of the seeds 
stored at laboratory or higher temperatures*. The seeds 
stored in either oxygen or in nitrogen at -30° C remained 
unchanged over the storage period, while those stored in 
nitrogen at 50° G showed progressive reductions in vigor 
with time» These results indicate that while a high oxygen 
level at a high temperature promotes the rapid deterioration 
of stored seed corn, a high storage temperature in the ab­
sence of oxygen is also a contributing factor. The tempera­
ture dependence of the oxygen effect is indicated by the in­
significant loss in vigor of the seeds stored in oxygen at 
-30° C for 31 months, and by the reduced vigor of the seeds 
stored in air at room temperatured. 
A second storage experiment was set up to determine the 
effects of temperature and oxygen on seeds stored within the 
range of conditions used in the first experiment. Seeds with 
approximately one per cent moisture were sealed in 0, 20, 60, 
and 100 per cent oxygen and stored for 10 months at 0, 5» 15* 
2$, 35» and 50° 0. Seedling vigor was determined by the 
growth chamber test. The height of the first and second 
leaves of the young plants was determined periodically up to 
the eleventh day after planting, and these measurements were 
used in establishing growth curves# The early growth as 
determined from measurements of the first leaf of the plants 
Figure 11=, Germination of completely dried seeds after 
seven months of storage. 
Top row, left to right : check seed (8 per cent) 
laboratory storage; dried seed in at -30° Cj dried seed 
in 02 at -30° C. 
Bottom row, left to right: dried seed, laboratory 
storage5 dried seed in N0 at +50° C| dried seed in 0o at 
+50® C. - d 
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Figure 12. Germination of completely dried seeds after 
ill- months of storage. 
Top row, left to right: check seed (8 per cent) 
laboratory storage; dried seed in at -30° 0; dried seed 
in 02 at -30* G. d 
Bottom row, left to right: dried seed, laboratory 
storage; dried seed in N« at +50° C; dried seed in 0P at 
4-50° C. 

Figure 13. Germination of completely dried seeds after 
31 months of storage. 
Top row, left to right: check seed (8 per cent) 
laboratory storage; dried seed in at -30* Cj dried seed 
in Og at -30* C. 
Bottom row, left to right ; dried seed, laboratory 
storage5 dried seed in N0 at +$0° C$ dried seed in 0o at 
+50° C. d d 
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from seeds stored In the four oxygen levels at 0, 3$s and 
50° C is shown in Figures li|.5 lf> and 16. Except for a slow 
early growth of seeds stored in 100 per cent oxygen at 
25° G and a retarded emergence of those in 20 and 60 per 
cent oxygen at 25° C, growth curves for the seeds stored at 
5, 15, and 25° 0 were not significantly different from those 
shown for the seeds stored at 0° C. The growth curves ob­
tained by measurement of the second leaf of the seedlings 
indicated that the initially slow growth of some of the 
seedlings was not maintained for more than a few days after 
emergence» Only those seeds stored in 20, 60s and 100 per 
cent oxygen at 5o° C remained low in vigor throughout the 
observed period. It is of interest that the slow growth 
rates which were sustained over the experimental growth peri­
od occurred in seeds for which reduced germination was also 
noted; indicating that but small differences in vigor may 
exist between dead seeds and those capable of producing nor­
mal plants under near-optimum conditions. More severe grow­
ing conditions would probably introduce factors which the 
initially slow growing seedlings could not overcome. 
The fresh weights of the above ground portions of the 
young plants were determined 11 days after planting, and are 
given in Table 12. These data are complementary to those of 
the growth curves. The results of this experiment indicate 
that oxygen may become an important factor in the deteriora­
tion of seed corn stored in air at temperatures as low as 
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Figure lit.® Growth curves for germination of seeds stored at 
0° C with four oxygen percentages. No significant 
differences are shown. 
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Growth curves for germination of seeds stored at 
35° C with four oxygen percentages. Growth 
decreased rapidly with increasing oxygen during 
storage. 
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Figure 16, 
80 90 100 110 120 
„  HOURS AFTER PLANTING „  _ t  Growth curves for germination of seeds stored at 
50° C with four oxygen percentages. Even the 
seeds in air (20$ Op) were dying, while those 
without oxygen showed little injury. 
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Table 12. Growth chamber test of second storage experiment8-
Storage Oxygen percentage 
100# temperature 0# 20^ 60fo 
0 12.95 12.88 lk« 10 13.81 
5 12 e 7.1 12.70 13.86 13.15 
15 12.96 13.23 13 o ij.8 12.92 
25 13.32 13.03 13.22 13.42 
35 13.3% 12.61 12.12 9.76 
5o 12.33 5«oob 0o7lb 0.00b 
D^ata are fresh weights of growth from 10 seeds in 11 
days - average of three replications. 
b Germinated 70, 13 and 0 per cent; all others 97 to 100 
per cent» 
35° 0 within a period of 10 months. This effect is magnified 
by higher oxygen percentages, higher temperatures, or longer 
storage periods. In the absence of oxygen there was some 
delay in germination after storage at £0° G, but no effect on 
growth rate or on total growth in 11 days. 
From a practical viewpoint, the drying of seed corn to 
less than one per cent moisture is an expensive and time con­
suming process. A third storage experiment was set up to 
determine the minimum moisture levels which might be effective 
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in the storage of seed corn for long periods. A sample of 
seed was dried to approximately two per cent moisture and 
portions of the sample were then rewet to four and eight per 
cent- The uniform drying treatment was used to equalise the 
loss of vigor due to drying. Seeds of the three moisture 
levels were sealed in glass tubes with either nitrogen or 
oxygen and stored at 50° 0» In addition, samples of the un-
dried seed lot with approximately 11 per cent moisture were 
sealed in nitrogen or oxygen and stored at 5>0° 0. Germination 
tests were given the seeds of the various lots after storage 
for 0, I|, and 13 weeks. 
The results of these germination tests are given in Table 
13 and depicted graphically in Figure 17» The difference be­
tween the fresh weights of growth produced by the dried and 
undried samples before storage indicates again that the drying 
process reduced the vigor of the seeds. The seeds with 11 per 
cent moisture stored in either nitrogen or oxygen were dead 
when first tested after six weeks. Those containing eight 
per cent zn.Ou.stur© and stored xn oxygen were zisa.r ly dead after 
13 weeks and the eight per cent seeds stored in nitrogen were 
severely damaged after 13 weeks. The two and four per cent 
moisture seeds were affected equally by the storage conditions 
during the 13 week period, with those in nitrogen showing no 
damage and those in oxygen only a slightly reduced vigor. An 
abnormal condition of poor or no radical development was also 
noted for tne 8 per cent seeds stored in oxygen for four 
11% MOISTURE 11% MOISTURE 
100% 02 ^ 100% Np 
6 8 10 
TIME,  WEEKS 
2% MOISTURE 
/H00% Ng 
A% MOISTURE 
100% N? 
>r-4% MOISTURE 
( 2 %  MOISTURE 
100% O2 
8% MOISTURE 
100% N2  
8% MOISTURE 
^100% O2 
>A 
4 
o 
Vl 
Figure 17. Growth of seeds previously stored at 5û° C with indicated moisture and 
times. 
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Table 13° Germination tests of seeds stored with four 
moisture levels in nitrogen or oxygen at j?G° C 
Percentage Before Stored for Stored for 
moisture storage % weeks in: 13 weeks in; 
N2 °2 N2 °2 
2 2.12 2.05 2» 14. 1.92 1.53 
k 2.01 1.98 2.10 1.83 1.57 
8 1.95 1.77 l.b-9 0.83b 0.00b 
11 3.28 0.00* 0.00® - « 
D^ata are average fresh weights (in gm) of I4. samples of 
10 seeds each determined after 1+ days incubation at 30° C. 
bThese samples gave 70 and 7«5 per cent germination; 
those at lower moistures gave 100 per cent. 
C11 per cent samples were tested after 6 weeks storage. 
weeks and in nitrogen for 13 weeks, and for the four per cent 
moisture seeds stored in oxygen for 13 weeks. 
A comparison of the data for the two and four per cent 
moisture samples with those for the near zero per cent samples 
of the first storage experiment suggests that little extension 
of the life-span of seed corn may be gained by drying to less 
than four per cent moisture. These data also indicate that 
the effects of high oxygen and temperature levels in reducing 
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seed corn vigor increase rapidly with increasing moisture 
levels above four per cent. 
In a supplementary experiment the uptake of oxygen by 
corn at 11 per cent moisture, stored in oxygen at 50° G, was 
measured over a 11+ week period* After six weeks these seeds 
had absorbed 60 ml (2®8 millimoles) of oxygen per kilogram 
of grain. The data of Table 13 indicate that these seeds 
were dead at- this point. There was, however, no change in 
the oxygen absorption which continued at a uniform or slight­
ly accelerated rate to 158 ml/kg in II4. weeks. These results 
indicate a rapid and general oxidation of the seed materials, 
and suggest that oxidation is a direct factor in the loss of 
viability in stored seeds. 
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DISCUSSION 
The maintenance of the quality of seed corn after har­
vesting depends primarily on the methods of processing and 
the conditions under which it is stored. This study con­
sisted of two phases; an investigation of the effects of 
drying on the vigor of seed corn harvested at various mois­
ture levels, and an attempt to determine the importance of 
oxygen and temperature as factors in the reduction of the 
life-span of the grain. The quality of the experimental 
seeds was estimated from their performance in several growth 
tests» These tests ranged from those of near optimum growth 
conditions to those which were comparable to very poor field 
conditions. There are certain advantages and limitations in 
each of these tests. The laboratory germination test is use­
ful from the standpoint that it can be performed under stand­
ardized conditions and that a precise evaluation of the via­
bility of the seeds can be determined» It is also useful in 
that an estimate of the vigor of the seedlings can be deter-
mined from measurements of their fresh weight after separa­
tion from the endosperm. The usefulness of this test is 
limited in that- vigor determinations of the seedlings can be 
established only for the early stages of growth, and that 
differences can be detected only over the low vigor range. 
It is also difficult to extrapolate the performance of the 
seedlings in this test to what it might be under field 
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conditions. • In contrast to the germination test, the condi­
tions of the cold test more nearly approximate those in the 
field and distinguish vigor differences in the high vigor 
range«, It is difficult, because of the dependence of the 
test upon soil microorganisms, to standardize this test so 
that comparisons can be made between tests conducted at dif­
ferent times. The conditions of the greenhouse and growth 
chamber tests were an excellent compromise between those of 
the germination and the cold tests. The main disadvantage 
to the greenhouse test was the lack of a controlled environ­
ment, which made quantitative comparisons between tests 
conducted at different times impossible. While the growth 
chamber test overcame this problem, preliminary growth 
studies of corn under these conditions showed that the rate 
of dry weight accumulation in the seedlings decreased sharp­
ly about two weeks after emergence. This was probably due 
to photosynthesis becoming a limiting factor with light at 
300 foot candles, after the depletion of the food reserves 
in the endosperm. Because of this response, the period 
during which the growth rates could be determined was limited 
to approximately 12 days. It is believed, however, that the 
growth chamber test allows more precise evaluations of, and 
more reliable quantitative comparisons between the growth 
performances of seedlings than other available methods. 
Many of the previous drying studies (7, 9, 11, II4., 15» 
18, 20, 22, 23, 26, 29) have been primarily concerned with 
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determining maximum safe drying temperatures for seed com® 
In only a few oases (lij.» 189 20, 26, 31) were the rates of 
drying given, and in these it was concluded that the rapid 
drying rate which they used was not injurious to the seeds § 
the drying rates reported, however, were comparable to the 
air drying rates used in the present investigation. In the 
experiments of the present study, seed corn harvested with 
more than 30 per cent moisture and dried rapidly in vacuum 
to less than 20 per cent in 3 to lij. hours showed definitely 
reduced vigor as compared with comparable air dried samples 
which required from two to five times as long to reach the 
same moisture level* That this injury was the effect of 
rapid dehydration and not of the drying temperature is shown 
by the similar results obtained by drying in vacuum at 30, 
ij.0, or 50° C, given in Tables 1, 3» and 8. 
The vigor of the seeds dried to less than 20 per cent 
moisture by combinations of the slow and rapid drying methods 
indicates that the damage incurred was a funetlor of the 
drying rate over critical moisture levels, and particularly 
of the rate between lj.0 and 30 per cent moisturee As shown, 
in Figure 8, this is approximately the range over which the 
percentage moisture of the embryo and of the whole kernel 
decline at nearly equal rates and where it is estimated that 
the decrease in moisture percentage is due primarily to an 
increase in dry weight» Below 30 per cent moisture the 
water content of the embryo drops rapidly toward that of the 
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endosperm» It is believed that this moisture shift repre­
sents physiological adjustments in the embryo, and perhaps 
also of the endosperm, of the maturing corn kernel which 
accompany but are not necessarily the result of desiccation. 
The necessity of such adjustments is indicated by the in­
juries occurring in rapidly dried seeds. The possible nature 
of the submicroscopic structure of protoplasm is discussed 
in detail by Pr ey-Wys s ling (8). He suggests that protoplasm 
may consist of a flexible but definite framework composed 
primarily of protein molecules closely associated with other 
components. He suggests that the transition of protoplasm 
to a resting state is accompanied not only by dehydration 
but also by adjustments in the structure of the protoplasmic 
framework which must proceed step by step with dehydration 
so that no changes occur in the configuration of the molecu­
lar structure which is necessary for the maintenance of life. 
The results of the present investigation strongly support 
this hypothesis® That these adjustments occur independently 
of morphological changes in the seed is indicated by a com­
parison of the time required to accomplish them. Seed corn 
harvested when immature is hardly more mature after the few 
days required to reduce its moisture content to less than 
20 per cent, yet the seeds dried in this manner are much 
more viable and vigorous than those dried rapidly to the 
same moisture level in a few hours. Reduced drying damage 
to seeds harvested with less than 20 to 25 per cent moisture 
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is assumed to be due to the near completion of these adjust­
ments. As mentioned previously, this is the moisture range 
in "which the percentage moisture of the embryo falls rapidly 
relative to the moisture content of the whole kernel* These 
adjustments occur normally with the relatively slow field 
drying. As a result, rapid drying damage decreases with de­
creasing moisture content, or increasing maturity, of the 
grain at harvest» 
The insignificant vigor losses sustained by mature grain 
rewet to various moisture levels and re dried in either air 
or vacuum at I4.O0 C indicate that the protoplasmic adjustments 
which are believed to occur with drying are not reversed 
rapidly by the imbibition of water. These seeds were rewet 
at 5® C to prevent the rapid metabolic activity and proto­
plasmic changes which, according to Picklum (28), occur as 
early as 18 hours after rewetting seeds at 30° C. 
It is probable that other changes, also, occur in seed 
corn during drying. Gausman et; al. (9) and MacMasters et al. 
(25) studied the effect of drying on the composition of corn* 
They found insignificant changes in the starch, sugar, prote­
in, oil, and ash constituents of grain ranging downward from 
80 per cent initial moisture, and dried at temperatures of 
1|3, 54» and 8ij.0 C. They did, however, report changes in the 
vitamin content of seed corn with drying. Highly significant 
reductions of pantothenic acid and pyridoxin and increases in 
riboflavin and niacin were observed in seeds dried at 54 and 
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814-° Co Greater changes were noted with increasing, initial 
moisture above J4.0 per cent» Pantothenic acid, and riboflavin 
were the only constituents of those determined which showed 
significant differences when the corn contained less than 
I4.O per cent initial moisture « It is evident that the rapid 
drying of seed corn results In a variety of internal ef­
fects- all of which may contribute to the reduced vigor of 
the seeds. 
The storage experiments were designed to determine the 
effects of temperature, oxygen, and the moisture level of 
the grain on the viability and vigor of stored seed corn® 
The effects of these factors and their interactions are 
shorn in Figures 10, Ik, 15, 16, and 17. Seeds of approxi­
mately 0 and 8 per cent moisture stored in nitrogen at 50° G 
were severely damaged after 15 and 3 months respectively 
and those containing 11 per cent moisture were dead when 
tested after 1*5 months. Dry seeds stored in nitrogen at 
low temperature were uninjured after 31 months = These facts 
suggest the occurrence of protein denaturation In the stored 
seeds. It is known that, in general, dehydrated protein 
is less susceptible to denaturing than hydra ted protein and 
that above I4.O0 G denaturing increases rapidly with tempera­
ture. 
Vigor losses by the seeds stored in oxygen increased 
with increasing temperature and oxygen concentration. This 
is conclusive evidence for the temperature dependency and 
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hence of the chemical nature of the oxygen effect» It is 
believed that damage to the seeds is a result of the oxida­
tion by molecular oxygen of certain constituents of the 
protoplasm. It is unlikely that the oxidative processes 
are enzymatiieally catalyzed, as seeds of very low moisture, 
in which enzymes -would be inactive, were strongly affected 
by oxygen at the higher storage temperatures. The early 
loss of coloration by these seeds and the odor of rancid 
fat suggest that the oxidation of earotenoid pigments and 
fatty acids may account for a major portion of the oxygen 
taken up by the seeds. Kaloyereas (16) found a correlation 
between the viability and rancidity of pine, okra, and 
onion seeds. He also found higher germination percentages 
after five months storage for these seeds when they were 
coated with starch phosphate, an antioxidant. The results 
of these experiments suggest that the viability and vigor of 
seed corn could be maintained for many years by storage at 
low moisture levels in the absence of oxygen and at a low 
temperature. 
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SUMMARY 
The effect of drying rate on the viability and vigor 
of seed corn was determined for seeds harvested at various 
moisture levels* Several drying rates were used to dry the 
harvested seeds, after which their viability and vigor were 
determined by one or more growth tests. 
It was found that grain harvested with mors than about 
25 per cent moisture and dried rapidly showed reduced via­
bility and vigor. Injury increased with increase in initial 
moisture content. Vigor losses of the seeds dried to 20 
per cent moisture or less in a matter of hours are believed 
to be due to the prevention of certain protoplasmic adjust­
ments in the drying seeds* 
The effect of temperature, oxygen, and moisture content 
on the viability and vigor of seed corn stored for various 
periods was determined by sealing the seeds with various 
levels of oxygen and storing at temperatures ranging from 
-30° C to 50° C. The growth performance of these seeds was 
determined as for those of the drying experiments® 
It was found that storage in 20 per cent (air) or higher 
oxygen resulted in death of the seeds at a rate which was 
increased by higher moisture percentages in the range 0 to 
11 per cent, and by higher temperatures, in the range 0 to 
5o° c. 
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Seeds with zero per cent moisture, stored in pure nitro­
gen were injured when stored at 50° C for more than one year, 
and were nearly dead after 31 months. 
Storage of completely dry seeds, in an oxygen free 
medium, at low temperatures has resulted in maintaining via­
bility and vigor at a maximum level. Seeds at four per cent 
moisture were not greatly different from those at zero, but 
seeds at eight per cent were rather rapidly injured. 
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